This study examines two important and related dimensions of the persisting gender gap in science, technology, engineering, and mathematics (STEM) bachelor degrees: First, the life-course timing of a stable gender gap in STEM orientation, and second, variations in the gender gap across high schools. We build on existing psychological and sociological gender theories to develop a theoretical argument about the development of STEM orientations during adolescence and the potential influence of the local high school environment on the formation of STEM orientations by females and males. Using the National Education Longitudinal Study (NELS), we then decompose the gender gap in STEM bachelor degrees and show that the solidification of the gender gap in STEM orientations is largely a process that occurs during the high school years. Far from being a fixed attribute of adolescent development, however, we find that the size of the gender gap in STEM orientation is quite sensitive to local high school influences; going to school at a high school that is supportive of a positive orientation by females towards math and science can reduce the gender gap in STEM bachelor degrees by 25% or more.
Introduction
When then-Harvard President Lawrence Summers pointed at innate differences between men and women as a possible explanation for women's under-representation in high level science positions, he sparked an intense public controversy that mirrors a continuing debate in the scientific community.
Despite the striking reversal of the gender gap in educational attainment (Buchmann and DiPrete 2006) and the near gender parity in math performance (Hyde et al. 2008) , women still pursue science, technology, engineering, and mathematics (STEM) degrees at much lower rates than their male peers do. Figure 1 illustrates these trends. It shows, on the one hand, how women have made impressive gains in college attainment compared to men and now clearly outnumber men among college graduates in recent decades. On the other hand, women continue to lag behind in terms of bachelor degrees awarded in the 'quantitative' sciences (illustrated in the graph for different STEM sub-fields).
1 This persistent pattern of gender inequality in college science majors and the implications for later career choices and labor market earnings has been a major concern for scientist and policy-makers alike.
Such differences are not only relevant for the representation of women in high income and prestigious jobs and as such for gender equality in general but also for the supply of qualified labor in science oriented jobs, which is often regarded as a linchpin for the future of the US economy in an increasingly competitive global environment.
In this paper, we explore two important and related dimensions of the persisting gender gap in STEM degrees. The first dimension is the timing of the emergence of a gender gap in orientation towards STEM fields. Our analysis of the middle-school through college phase of the educational life course reveals that the high school years play a major role in shaping gendered orientations toward science and engineering. The second dimension concerns the impact of the high school environment on the development of these orientations during the decisive high school years. In particular, we use multilevel models to document how the gender gap in STEM orientation in twelfth grade varies across high schools, and we estimate the causal effect of the high school curriculum on the gender gap in STEM orientation. Far from being a fixed attribute of adolescent development, we find that the size of the gender gap in STEM orientation is quite sensitive to local high school influences; going to school in a high school that is supportive of a positive orientation by females towards math and science can reduce the gender gap in STEM bachelor degrees by 25% or more. Together these two dimensions of timing and local environmental influence extend existing theories and open concrete avenues for policy intervention.
1 Exceptions to this trend are the biological, biomedical and life sciences, in which women today outnumber men. Table 268 , 299, 303, 305, 312 and 313 We begin by developing a theoretical argument about the development of STEM orientations during adolescence, and the potential influence of the local environment on the formation of STEM orientations by females and males. While acknowledging the importance of the global environment, we argue that local environments centrally affect the strength and salience of gender stereotypes about math and science. Their influence operates mainly through two important processes. First, peers, parents and teachers -all important actors in the local environment -support and encourage certain career paths for boys and girls while disparaging others. Second, the influence of gender stereotypes about STEM occupations depends on the level of exposure to STEM academic courses and to information about STEM fields and STEM occupations. Both arguments imply that the size of the gender gap in STEM bachelor degrees is shaped to a considerable extent by the character of the high school environment. Variations in this environment will therefore affect the size of the gender gap in STEM orientations.
We then turn to an empirical examination of the timing and the local variation across high schools.
First, we decompose the gender gap in STEM bachelor degrees into various pathways to examine the emergence and solidification of gender differences in the orientation towards science and engineering in the adolescent life course. In particular, we use the National Education Longitudinal Study (NELS) to follow the 1988 cohort of eighth grade students through adolescence and young adulthood, and observe how orientations towards STEM fields emerge and change from eighth grade through college.
We find that the substantial gender gap in eighth grade orientation is relatively inconsequential for the persisting gender gap in STEM degrees at the completion of college. Instead, the high school years play a major role in shaping gendered orientations towards science and engineering. Second, we examine the role of the high school for this decisive period. In particular, we use multilevel models to document how the gender gap in STEM orientation at the end of high school varies across high schools, and we estimate the causal effect of high school curriculum on the gender gap in STEM orientation.
The results show substantial variation in the gender gap in STEM orientation across schools, which supports our argument that the local environment plays a major role in shaping these orientations among boys and girls. The significant effect of high school curriculum on the gender gap in STEM orientation provides the beginning of an understanding about the source of the high school effect.
Our results imply that the gender gap could be considerably reduced if high school environments were reshaped to model those high schools that are most supportive of female interest and competency in science and mathematics.
Explanations for the Persisting Gender Gap in STEM Degrees
The most prominent explanations of the persisting gender gap in STEM degrees revolve around two issues. First, the debate about gender differences in math ability continues to the present day even though the gender gap in math performance has largely closed. The second area focuses on women's lack of interest in STEM fields and is related to multiple factors such as job-related values, occupational preferences, and work-family balance.
Recent research on differences in math ability has shown that the gender gap in math performance (Hyde et al. 2008 ) and course taking (Xie and Shauman 2005, Cha. 2) has largely closed; female performance on math tests is very similar to that of males. Girls take at least as many math classes in high school as do boys, and the classes are at a similar level of rigor (Lee et al. 2007 ). These facts notwithstanding, gender differences in math ability continue to play an important role in the debate about the persisting gender gap in STEM degrees. This debate largely revolves around findings that males excel at spatial orientation and visualization (Kimura 2002, 142f) , and are more likely to fall on the extremes of the performance distribution in standardized mathematics tests (Ellison and Swanson 2010; Lohman and Lakin 2009; Hedges and Nowell 1995) . The male advantage in the right tail of mathematics tests may have implications for gender inequality in STEM degrees, though a connection between the two facts remains controversial (Xie and Shauman 2005, 89ff; Weinberger 2005) . Meanwhile, Ceci et al. (2009) casts persuasive doubt on the power of the spatial ability theory to account for observed gender differences in STEM degrees.
The second area of active debate about the persisting gender gap in STEM degrees focuses on gender differences in career preferences. Surveys consistently show that women are less interested in STEM fields from early adolescence (e.g. Lapan et al. 2000) both in the general population and in the subpopulation of high performing students (Lubinski and Benbow 1992) . A number of studies suggest that females are more interested in jobs involving people and social interactions, and emphasize intrinsic, altruistic, and social rewards associated with an occupation. Males, in contrast, are more interested in jobs involving physical objects and abstract concepts, and place a higher value on extrinsic rewards such as money, prestige, and power (Eccles 2007; Beutel and Mooney Marini 1995; Johnson 2001; Davies and Guppy 1996; Konrad et al. 2000) . Thus, gender differences in attitudes and values might explain, in part, why adolescents' expectations about college major and occupation remain quite gender typed (Lueptow et al. 2001; Wilson and Boldizar 1990 ).
Gender differences in values and attitudes are associated with the division of labor in the family.
Since the construction of masculinity commonly places work at the center of adult life, boys tend not to experience conflict between their work and family roles (Arnold 1995; Eccles and Hoffman 1984) .
But because the perception of femininity emphasizes the importance of family, conflict between work and family is a prominent feature of women's lives (Duxbury and Higgins 1991; Williams 2000) . Young women anticipate this career-family conflict long before they experience it firsthand (Shauman 2008) .
Even career-oriented women may take a contingency approach to planning their future by choosing career paths that they perceive to be compatible with future family roles (Almquist et al. 1980; Angrist and Almquist 1993; Felmlee 1993; Okamoto and England 1999; Gerson 1985; Seymour and Hewitt 1997) .
Males and females also appear to differ in their self-evaluations about math and science aptitude.
According to the Expectancy-Value model (Eccles 1994; Eccles 2007 ) an individual's expectations for success, and the value that he or she attaches to the task are directly related to individuals' educational and occupational choices. Along with gender differences in job values and expected adult roles, gender differences in perceived skills appear to attenuate women's interest in STEM fields (Correll 2001; Pajares 2005) .
The Nature and Origin of Gender Differences
The existence of small differences between the genders in mathematics ability and larger differences in values, attitudes, and self-evaluations beg the questions of how these differences arise and how mutable they may be. Biological theories suggest that the differences in performance and preferences are at least partly the result of innate genetic, hormonal, and brain structure differences between males and females that largely emerged through evolutionary processes driven by the different reproductive roles of men and women (Lippa 2005; Halpern 2000, Cha. 4) . Cognitive psychological theories similarly see the formation of basic gender identity as preceding behavior and emerging through cognitive processes (Martin et al. 2002, 911) . Recent investigations, however (Ceci et al. 2009; Penner 2008; Guiso et al. 2008; Andreescu et al. 2008) , downplay the relative importance of biological factors and point at substantial cross-national variations in the size of the gender gap as evidence for the importance of cultural factors in the formation of gendered identities and behaviors.
Some psychological theories -in particular Bussey and Bandura's (1999) "social cognitive theory" of gender development -attempt to integrate psychological and sociological approaches to gender roles in order to account for the apparent environmental influences on gender development. More broadly, sociological and social-psychological gender theories generally view gender as socially constructedi.e., as a product of gender stereotypes about femininity and masculinity. Gender stereotypes set up expectations about appropriate preferences and behavior, and thereby influence how boys and girls perceive themselves, how they perform their gender to construct their own identity, and how they perceive others perceiving and reacting to them as boys and girls.
2 Status expectation theory further argues that gender stereotypes typically include status beliefs that attach greater competence in valued skills to the advantaged status (Ridgeway 2001) .
Gender stereotypes are relevant for the persisting gender gap in STEM degrees because they encompass beliefs about social roles connected to housework and child-rearing, and about skills such as math and science ability as well as appropriate occupations (Charles and Bradley 2002) . Based on status expectation theory, Correll (2001) also argues for a gender bias in the self-assessment of career relevant tasks such as math skills and shows how bias affects career relevant decisions. Status beliefs, like other aspects of STEM-related gender stereotypes arise from the socio-cultural environment (Correll 2004; Hill et al. 2010) . Thus, heterogeneity in behavior can arise not simply through heterogeneous individual responses to the environment, but also through variation in these environmental influences themselves.
Life Course Timing in the Emergence of the Gender Gap
Theories that give primacy to environmental influences tend to take a broader life course perspective on gender differentiation, but developmental psychologists also recognize that gender stereotypes elaborate throughout childhood and adolescence. Martin et al. (1990) found that by the age of 10, children have attached gender stereotypes to predominantly male occupations such as plumber or construction worker and to predominantly female occupations such as nurse or hairdresser. Liben et al. (2001) found that both 6-8 year old and 11-12 year old children are aware of the gendered character of occupations (see also McGee and Stockard 1991) , and that children generally see male occupations
(both familiar and fictitious) as higher status than female. Importantly, while meta-analyses suggest that gender stereotypes in general become less rigid after ages five or six (Signorella et al. 1993) , the gender stereotyping of occupations became more pronounced as children aged into the 11-12 range in the Liben et al. (2001) study. These results suggest that the point of greatest salience to gender identity for particular roles or behaviors varies with the level of cognitive understanding of these behaviors and of their potentially gendered character. We expect this cognitive understanding to mature during the high school years, when students typically begin the study of more abstract mathematics and science, and when students begin to gain a sophisticated understanding of the world of work and its relevance to gender.
The Local and Global Environment, and the Formation of Educational and
Occupational Plans
Both biological theories about gender and cultural theories that conceptualize culture as a coherent system of global norms and expectations imply that gender differences in the orientation towards STEM fields are relatively insensitive to variation in the local environment. In a similar vein, Xie and Shauman (1997) argued that occupational aspirations are formulated via cognitive processes that involve "the whole social environment at the societal level as the ultimate source of sex-typing."
According to this model, environmental knowledge about gender is global in character (e.g., knowledge about sex typing of occupations in the global labor market) so that the global and not the local environment matters. They argued that "specific actors are viewed only as socializing agents of the larger environment [...] this cognitive process involves too many individuals for any single actor to play a dominant role" (pp. 238-239).
Other research traditions, however, emphasize the importance of actors in the local environment for the socialization process and for shaping occupational aspirations. Bussey and Bandura's social-cognitive theory, for example, claims that gender differentiation is shaped by the local environment through three specific influence processes: modeling, "enactive experience," (the positive or negative evaluations one obtains from the environment for one's behavior), and "direct tuition" (the conveyance of information about different behaviors and how they are linked to gender). The 1966 Coleman report (Coleman 1966) , argued that the family is the most important determinant of achievement but also pointed at the importance of peers for performance in schools. The Wisconsin model of status attainment held that adolescents form their educational and occupational aspirations through socialization, with the major influence coming from parents, peers, and teachers (Hauser et al. 1983; Sewell and Hauser 1975; Sewell et al. 1969) . More recently, the literature on stereotype threat and selfassessment asserts that the impact of gender and racial stereotypes on behavior depends on specific cues from the local environment (Aronson and Steele 2005; Good et al. 2008 ).
Based on these theories, we emphasize the importance of the local environment in constructing and reinforcing gendered beliefs and gender stereotypes. In particular, we argue that two processes shape the orientation towards STEM degrees among boys and girls and create variations in across local contexts. The first process concerns local influence from parents, teachers, and peers, and the second concerns curricular knowledge about STEM fields and STEM occupations.
First, we argue that peers, parents and teachers -all important actors in the local environmentsupport and encourage certain career paths for boys and girls while disparaging others. Building on ethnographic studies (e.g. Francis 2000 ; an Ghaill 1994) that document the multiple strategies used by boys and girls to construct their own gender identities, Legewie and DiPrete (2011) have argued that local environmental variation in the support and sanctions for certain ways of 'doing gender' affects the size of the classroom and school-specific gender gap in academic performance. DiPrete and McDaniel (2011) have made a similar argument in regard to families, which suggests that the gender gap is smaller when boys grow up in a family that encourages a strong instrumental orientation and affective attachment to school as a means to achieve important life goals. Jacobs and Bleeker (2004) have found that parents influence the development of their sons' and daughters' interest in math and science by the extent of (frequently gendered) parental engagement in math and science activities during elementary school. Other studies have found that teachers can influence gender differences in orientation towards STEM for elementary school as well as college students (Habashi et al. 2009; Carrell et al. 2010) .
3 These considerations challenge Xie and Shauman's model of global environmental influence and argue that heterogeneity in math and science interests emerge not just from individual differences but from differences in the local environment, and in particular the school environment.
These local variations influence the gender gap through the ways in which others perceive and treat boys and girls. But the local variations also exert influence by setting up expectations for appropriate preferences and behavior, and by the ways in which boys and girls perceive themselves and how they construct their own gender identities.
A second important aspect of the local environment is the availability of academic knowledge about STEM fields and of information about STEM careers. Information about occupations in adolescence is highly incomplete and therefore subject to local environmental variation. This variation is of potentially great importance for females, given that STEM fields -most notably in engineering and the physical sciences -are typically viewed as pathways to male careers. It is also important given the evidence from psychology that females tend to react more subtly to gender stereotypes than males in the process of forming interests in particular subjects and particular occupations. The greater level of subtlety opens the way for greater importance of the local environment in the extent of gender stereotyping of STEM occupations and fields of study, and its impact on the development of educational plans and occupational aspirations. As a consequence, we expect that knowledge about the actual character of science and mathematics will weaken gender stereotypes. Studies of high school curricula show wide variation in the extent and depth of course offerings in science and mathematics (Adelman 2006; Owings 1998) . The high schools with the strongest science and mathematics curricular offerings arguably also offer the greater antidote to the discouragement of female interest in STEM fields due to gender stereotyping.
Summary
The above discussion argues that the process of forming gender stereotypes unfolds throughout adolescence, as tendencies toward greater flexibility in the development of gender stereotypes are either supported or inhibited by the particular character of the local school environment. The combination of imperfect knowledge about science and scientific professions and the different ways in which peers, parents and teachers shape gender stereotypes concerning science and scientific professions implies that the local environment can be of particular importance for the formation of individual orientations towards STEM fields. This local variation comes partly from variations in the (true or false)
factual presentation of the association between gender and various aspects of STEM fields and STEM work, and partly from variations in how actors in the local environment such as peers, parents, and teachers influences individual orientation to STEM fields. In the following sections, we first document the importance of the high school years to the development of a gender gap in STEM orientations, then show how sensitive this gap is to the local high school environment.
Pathways to a STEM Bachelor Degree
To decompose the persisting gender gap in STEM degrees, we analyze data from the National Education Longitudinal Study 1988 . NELS provides a large sample of eighth grade students, who were followed over time as they graduated from high school and entered the labor force or pursued post-secondary degrees. The panel structure of the data together with with the availability of detailed information on educational careers allows us to examine the educational paths that lead to a bachelor degree in STEM fields. We restrict our sample to students who participated in the eighth and twelfth First and most importantly, we incorporate eighth grade orientation towards science, which allows us to study how orientations towards science develop within as well as post-high school. Second, we analyze the pathways separately for the academically talented population because it is important to study transitions in terms of those who are in some meaningful sense "at risk" to major in science and engineering based on their preparation and ability. Third, we not only examine the pathways to a STEM degree in general, but also look at the pathway to a degree in specific STEM sub-fields. This extension is potentially important considering the vastly different trends for engineering, math, and physics on the one hand and biology and life science on the other hand (see Figure 1 ). Fourth, we update Xie and Shauman's results with more recent data. Their analysis is based on high school seniors from 1982 (High School and Beyond) while our analysis is based on seniors from 1992 (NELS). We find that the high school orientation is relatively more important and late entry transitions are relatively less important to the gender gap in STEM bachelor degrees than they reported. This difference is not an historical change between High School and Beyond and NELS; we find the same pattern in our reanalysis of High School and Beyond data as in the analysis of NELS data that we report on in this paper.
6 The orientation during eighth grade is measured using the occupational expectation by age 30. Respondents were asked 'What kind of work do you expect to be doing when you are 30 years old? ' and one of the response categories was 'Science/Engineering' (5.8%), which we used to define a science and engineering orientation in eighth grade. Figure 4 shows the gender gap in late entry, which is defined by transfer from a non-science orientation in one state to a science orientation in the next state. We calculate these transition rates within high school (high school transition rates) as the probability of each twelfth grade state conditional on the eighth grade orientation, and we calculate post-high school transition rates as the probability of obtaining a STEM BA conditional on the orientation at the end of high school. This decomposition allows us to examine at what stage of the life course gender differences in the orientation towards science and engineering emerge, and at what point these differences become stable and have lasting implications.
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The results presented in all three figures show a substantial gender gap in eighth grade orientation towards science and engineering. Boys are more than twice as likely as girls to expect to work in science or engineering in middle school (9.5% compared to 4.1%). This finding is in line with earlier studies reporting gender differences in the orientation towards and perception of math and science from early childhood to adolescence (Jacobs et al. 2002 Figure 2 and 4). The gender gap in persistence rates, however, disappears after high school. In other words, once high school seniors have developed an orientation towards science and engineering, boys and girls are equally likely to pursue this orientation after high school and actually graduate from college with a STEM BA (33.1% compared to 35.1%, the difference is not statistically significant). The same pattern is shown in Figure 3 in terms of leakage rates. It shows that girls are more likely to change their orientation from a STEM to a non-STEM orientation from eighth to twelfth grade (64.2% for females; 47.4% for males), whereas these leakage rates are the same for the post-high school period (64.9% for females, 66.9% for males). The gender gap in late entry, however, remains substantial even in the post-high school period so that boys are more likely to be recruited for STEM field both during the high school years as well as after graduating from high school. Thus, the results in Figure 4 show pronounced (and highly significant) gender differences in the rate of entry into the science track for both the high school and the post-high school transitions rates.
Overall, these gender differences in initial eighth grade distributions and in the three transition rates of persistence, leakage, and late entry lead to a substantial gender gap in STEM degrees by the end of college: only 5.9% of female college graduates obtained a STEM bachelor degree, as compared with 9.8% of males. To determine the contribution of the different components of the decomposition to the overall gender gap, we successively assigned women the male orientation distribution as of eighth grade and the various male transition rates, and calculated how the gender gap would change under these hypothetical scenarios. Table 1 shows the results from these simulations. They show that the science orientation during eighth grade only plays a marginal role even though we observed a substantial gender gap in the orientation towards science during eighth grade. In particular, the gender gap would be reduced by 10.5% if women had the same eighth grade science orientation as men.
The reason for this slight importance of pre-high school orientation is the role of the high school years in shaping the science orientation of boys and girls. If males and females had the same transition rates within high school, the gender gap in STEM BAs would be reduced by a substantial 55.3%.
The combination of eighth grade orientation and within-high school transition rates mathematically identify the twelfth grade science and engineering orientation, which accounts for 68.5% of the gap (i.e., 68.5% of the gap would disappear if women had the same twelfth grade orientation as men).
Post-high school transition rates, and in particular gender differences in the rate of late entry into the science track, play the second most important role for the gender gap and account for 47.1% of the Note: Late Entry refers to the transition rate from no science orientation in eighth grade to science orientation at the end of twelfth grade as well as the transition rates from 'no college' and 'college, non-STEM' in twelfth grade to a STEM BA. Persistence refers to the transition rate from science orientation in eighth grade to science orientation in twelfth grade and from there to a STEM BA.
gap.
In Appendix B, we also present the same results for the subset of academically talented students, and for different STEM subfields, which seems particularly important considering the substantial differences in the trends for STEM subfields shown in Figure 1 . As it turns out, the results from these additional analyses closely resemble the findings for the overall gender gap reported above.
In sum, the results suggest that the gender differences in transition rates during the high school years play a decisive role in shaping personal orientations toward science. During these years, girls are much more likely to abandon a science career even when they expressed interest in eighth grade, and boys are much more likely than girls either to persist or to enter a science and engineering oriented educational path. The importance of the high school years is also reflected in the high proportion of the gap accounted for by gender differences in the transition rates. As suggested by our theoretical argument, this finding points at the importance of social factors in explaining the gender gap in STEM BAs insofar as these theories do not imply that gender differences get entrenched early in the life course but instead develop and change throughout adolescence. The second most important component for the gender gap in STEM BAs is gender differences in the entry into the science track after high school.
Once graduated from high school, girls are much less likely to change from a non-STEM orientation to a STEM major.
The Role of High School for the Gender Gap in STEM Orientation
The last section demonstrated our first central contention that the high school years play a crucial role in shaping the orientation towards science and engineering among boys and girls. We now examine the role of high school context for shaping orientations towards science and engineering during this decisive period. In particular, we use multilevel models to document how the gender gap in STEM orientation at the end of high school varies across high schools, and estimate the causal effect of the high school curriculum on the gender gap in STEM orientation. For this purpose, we use two special samples from the National Education Longitudinal Study. Compared to the 1988 to 2000 panel study (NELS 88-2000) , these two special samples only follow the students until their senior year in high school, but they offer important advantages for our analytic goals. NELS 88-92 includes the full eighth grade sample of NELS (~25,000), which is a much larger sample than NELS 88-2000 8 , as well as important pre-high school variables about the early science and engineering orientation. The NELS 88-92 sample does not, however, generally include a large number of students per high school because eighth-grade students in the same school typically transitioned to more than one high school. The NELS High School Effectiveness Study (HSES), which is the second dataset we use in the following analysis, addresses this problem. As an independent component of NELS, the HSES extended the sample of students in a subset of 250 high schools in the first follow-up 1990 so that these schools had a sufficiently large number of students per school to support our analytic strategy. In contrast to NELS 88-92, however, HSES does not include pre-high school information. The sample restrictions for both datasets, the multiple imputation procedure used to recover missing data, and the variables are described in Appendix A.
In the following analysis we use both NELS 88-92 and HSES to study the variation of the gender gap across schools conditional on regional and urban variations. For this purpose, we specify a logistic multilevel model that captures variation in the gender gap in twelfth grade STEM orientation across schools. The outcome variable is the STEM orientation in twelfth grade at the end of high school. A value of 0 indicates that a student does not intend to study a STEM field in college after graduating from high school, whereas a value of 1 indicates that students intend to study a STEM field after high school. The results from this analysis show substantial variation in the gender gap across high schools even after controlling for a comprehensive set of pre-high school covariates. This finding, described in more detail over the next paragraphs, indicates that the high school context plays an important role 
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13,640
Note: A detailed description of the control variables is in Appendix Table A1 . The likelihood ratio chi-square is a test for whether the effect of female varies across high schools. * p < 0.05, ** p < 0.01, *** p < 0.001 in shaping the gender gap in STEM orientation.
We begin with a simple model that only includes female as an independent variable along with a random intercept and a random slope at the school level that allows the effect of gender on high school STEM orientation to vary across high schools. The results from this multilevel model fitted with the HSES as well as the NELS 88-92 data are presented in Table 2 . The estimated coefficients show a substantial gender effect; the odds of reporting an intention to study a STEM field in college at the end of high school for female are about 60% (HSES) or 70% (NELS 88-92) lower than the odds for males (the female/male odds ratio are 0.4 and 0.3 as calculated from the coefficients on the log-odds scale reported in the table). The results in the last section showed that this substantial gender gap at the end of high school is decisive for the later gender gap in STEM bachelor degrees, accounting for nearly 70% of the gap. The gender gap in personal STEM orientation, however, varies substantially across high schools. Specifically, the estimated standard deviation of the random effect on the school level implies that the gender gap ranges from 0.20 to 0.82 female/male odds ratios in the middle 95%
of schools (these are the more conservative estimates from a HSES dataset). In other words, the odds for girls having a STEM interest are only 18% lower than the odds for boys in schools at one end of this spectrum, whereas in schools at the other end the difference is 80%. This variation is illustrated in Figure 5 , which shows the distribution of the empirical Bayes estimates for the 250 high schools in HSES and the 1,280 high school in NELS 88-92. The graph also illustrates the analytical limitations of the NELS 88-92 dataset: Even though the estimated random slope for the variation of the gender effect across schools is bigger in NELS 88-92 than in HSES, the empirical Bayes estimates do not vary as strongly. The reason for this difference is the smaller average number of students per school in NELS 88-92. Empirical Bayes estimates are so-called "shrinkage" estimates; they are a weighted sum of the estimates from a single school and the estimates predicted for that school by data for the larger population (which is the prior information from a Bayesian perspective). Empirical Bayes estimates for schools with a large number of students put more weight on the school-specific estimate, while empirical Bayes estimates for schools with a small number of students put more weight on the overall gender gap so that their estimates are pulled more strongly towards the overall mean (for a discussion of this see Gelman and Hill 2007) . Despite considerable shrinkage towards the overall mean, the NELS 88-92 data do contain enough students per school to reveal substantial variation (from 0.3 to 0.45 for the female/male odds ratio) in the gender slope across schools.
The revealed variation in the gender gap across schools might reflect the importance of the local school context, but it is also possible that they arise from a non-random sorting of students into different high schools such that girls with a strong science orientation are more likely to go to one
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Female/Male Odds-Ratio school rather than another. In order to address this problem, we first add a number of standard demographic measures and a categorical region-urban variable to both the HSES and the NELS 88-92 and then use the NELS 88-92 sample to also condition on a large number of eighth grade orientation and performance measures (the variables are described in Appendix Table A1 ). We thereby obtain an estimate of the high school effect on science and engineering orientation that is conditional on the pre-high school science and math orientation as well as performance of students. The eighth grade orientation measures include not only the expressed occupational plans of eighth grade students used in the pathway analysis, but also four measures that assess whether middle school students like math and science and whether they think that math and science is important for their future. The performance measures are comprehensive and include three eighth grade test scores (math, science, and English), and four GPA measures (math, science, English, and social studies). Because of this comprehensive set of control variables for family background, region-urban, pre-high school science and engineering orientation, and academic performance, these models can be understood as 'value-added' models for STEM orientation. Similar to value-added models in educational research on the effect of schools and teachers on performance (e.g., Kane and Staiger 2008) , the empirical Bayes estimates from these models show the extent to which schools vary in supporting a science and engineering orientation among high school students, conditional on their previous orientation. They also show the extent to which schools are particularly supportive or unsupportive of a science orientation for girls net of the school's support for a science orientation for boys.
The results from these models are presented in Table 2 as well as Figure 5 . They show that although the estimated standard deviation for the school variation is smaller after pre-high school variables are controlled, the remaining variation in the effect of the local environment is still substantial and statistically significant. In particular, the estimated random slope from the multilevel model suggests that the gender gap ranges from 0.22 to 0.75 female/male odds ratio in 95% of the schools. Figure 5 shows the distribution of the empirical Bayes estimates, which indicate substantial variations across schools (the female/male odds ratio ranges from 0.34 to 0.50) despite the considerable pooling towards the overall mean in the NELS 88-92 sample .
Overall, the results presented so far show substantial variation in the gender gap in science and engineering orientation across schools. Net of science and math orientation in eighth grade, high schools appear to play an important role in shaping these orientation among boys and girls. This finding provides support for our argument that the local as well as the global environment shapes the gender gap in orientation towards STEM fields. It remains unclear, however, which particular characteristics of the high school explain these variations. In the remaining part of this section, we begin to explore this question and also address two important follow-up questions.
The Effect of High School Curriculum on the Gender Gap in STEM Orientation
The analyses so far have demonstrated the importance of the high school years for the persisting gender gap in STEM degrees, and have shown substantial variation in the gender gap in STEM orientations across high schools, net of pre-high school orientation. In this section, we estimate the causal effect of the math and science curriculum in high school on the STEM orientation in twelfth grade for boys and girls. This analysis helps us to understand the variations across the local school environment, which is highly relevant from a policy perspective. Based on the theoretical argument developed above, we would argue that a math and science orientation in high school as reflected in the course offerings in math and science has a positive effect on the STEM orientation for both boys and girls, and that the effect should be especially large for girls. We expect the strength of gender stereotypes about occupations to vary inversely with the level of information about these careers provided by the local environment, and about the relevance of gender to success in these careers. Given that girls currently perform at the same level as boys in advanced math and science high school courses, we expect that experiential knowledge of this fact and of the actual character of science and mathematics -as revealed in advanced coursework -will weaken gender stereotypes and lead to a reduced gender gap in STEM orientation during high school.
In order to estimate the causal effect of the math and science curriculum in high school, we use the fact that the original NELS sample was first interviewed in eighth grade before students attended high school. This feature of the data allows us to condition on the same comprehensive set of pre-treatment variables used before. These variables are directly related to the selection of students into high schools with a strong math and science curriculum. A number of recent studies that compare experimental results with regression and matching estimates have shown that such a comprehensive set of pre-treatment variables is essential to reduce the bias in estimates that are based on regression or matching methods (Cook et al. 2009; Shadish et al. 2008) . These studies also suggest that the actual method used to estimate the effect -regressions based on the raw data or based on a matched sample -plays a negligible role relative to the importance of the right pre-treatment controls and despite the theoretical advantages of matching (for corroborating arguments, see Angrist and Pischke 2008) . Accordingly, the estimates presented below are based on logistic regressions using a comprehensive set of pre-treatment control variables from eighth grade, including not only standard demographic measures but also the eighth grade orientation towards math and science, the extent to which a student reports that s/he likes math and science, and a set of seven GPA and test score performance measures for reading, math and science (for a detailed description of the variables see Appendix Table A1 ). The focal treatment variable is the intensity of the high school course offerings in math and science. We measure this variable based on a set of questions asked in the tenth grade school questionnaire about the courses offered at a school. In particular, we create an index based on the AP or college or university level course offered for 31 different math and science areas such as biology, physics, life science, calculus, and trigonometry, and we standardize this index with a mean of zero and a standard devision of one. Appendix C contains a detailed description of the estimation strategy, the sample, the variables and an assessment of the balance between different levels of the treatment indicator. Table 3 presents estimates of a STEM orientation at the end of high school from logistic regressions on the curriculum index for boys and girls conditional on a large set of pre-treatment covariates. The table shows separate estimates for students who did not indicate a science orientation in eighth grade and for those who did. Accordingly, the table shows both estimates for the probability of late entry into the science track during high school as well as for the probability of persistence in the science track during high school. Our prior analysis revealed a substantial gender gap in both the late entry and the persistence rate, but also indicated that the difference in male and female rates of late entry by gender (which can be understood as the ability of a high school to recruit boys and girls into the science track) plays a decisive role in gender gap in STEM degrees. The results for late entry in table 3 show a substantial gender gap in the late entry rate as previously observed. In particular, boys are 2.3 times as likely as girls to transfer into a science track during high school (male/female odds ratio). Note: The graph shows the gender gap in the entry into a science track during high school in terms of the male-female odds ratio as a function of the intensity of the math and science curriculum (estimates from third late entry model in Table 3 ). The graph covers the range between the 10th and the 90th percentile of the math and science curriculum index. The grey lines visualize the uncertainty in the estimated interaction effect based on 25 simulations (Gelman and Hill 2007, 140) .
Consistent with our hypothesis, the results also show that the curriculum index has a substantial effect on the late entry rate for girls but not for boys. The estimated effect (in units of odds ratios) is 1.12, which implies that a one standard deviation change on the scale of the high school's math and science curriculum index produces a 12% greater increase in the odds that a girl will transition from a nonscience to a science orientation than in the corresponding odds for a boy. This result was obtained after controlling for a comprehensive set of pre-treatment control variables for STEM orientation, academic performance, and other variables, and is stable across different model specifications. As a consequence of this interaction between curriculum and gender, the gender gap in STEM orientation narrows in high schools with a strong math and science curriculum, net of pre-treatment controls. Figure 6 illustrates this finding graphically and shows how the gender gap in terms of the male-female odds ratio in STEM orientation at the end of high school is smaller in schools with a strong math and science curriculum (the graph covers the range between the 10th and the 90th percentile of the math and science curriculum index). While this finding might still be affected by unobservable variables that are related to the treatment and the outcome after controlling for observed pre-treatment controls, the strong set of pre-treatment control variables available in NELS increases our confidence in the findings.
The logistic regression results for persistence, however, do not show a gender difference in the effect of the math and science curriculum. The estimated effect is both substantially smaller and statistically insignificant, which implies that the high school math and science curriculum mainly works through its power to recruit girls into science and engineering and not through its power to retain girls in science who have previously reported a STEM orientation. This pattern of results is consistent with the findings from our pathways model. The gender gap in STEM BAs is not primarily a consequence of girls losing their personal STEM orientation at a greater rate than boys, but rather from the lower rate of recruitment of girls into a STEM orientation between eighth grade and the senior year of college.
Is the High School Effect Lasting?
A common argument in the debate on the the effect of teachers on the learning of students is that potential gains in performance abate over the following years (Rothstein 2010; Jacob et al. 2010) . A similar concern should apply to the effect of high school on the science and engineering orientation of boys and girls. If girls who were enrolled in high schools that were especially good recruiters of girls into a personal STEM orientation were to leak from the science pipeline at higher rates, the school effect would not be an important determinant of the gender gap in STEM bachelors degrees. In a recent review of interventions to increase female interest in science and technology (e.g., Turner and Lapan 2005; Plant et al. 2009 ), Hill et al. (2010) noted the uncertainty about the long term effects of these interventions that arises simply from the lack of long-term followup data. In this respect, the NELS data are attractive because they allow a direct assessment of the durability of high school effects on STEM orientations.
In order to conduct this assessment, we group high schools by the size of the gender gap in science and engineering orientation and examine the post-high school transition rates used in the pathway analysis above. In particular, we use the empirical Bayes estimates of the gender gap from the 'valueadded' multilevel model (NELS 88-92) above to group schools into those with a small gender gap (bottom terciles) and those with a big gender gap (top terciles). We then match this newly created school-level variable to the students in NELS 88-2000 and calculate the post-high school transition rates separately for the full school sample (already shown in the graphs above) as well as the high schools with a small and big gender gap. Table 4 presents the results from this analysis. It shows that the post-high school transition rates are remarkably constant across the three samples. Neither of the transition rates differs significantly between the three samples. Accordingly, students from high schools that encourage a science and engineering orientation among women do not have higher leakage rates from the science pipeline than their peers from schools with a big gender gap. This finding suggests that the effect of high schools on the science and engineering orientation of women is not temporary, but instead endures after high school and ultimately reduces the gender gap in the attainment of STEM BAs. Accordingly, high schools seem to be an effective agent for policy initiatives to reduce the gender gap in STEM degrees.
How Much does the High School Effect Matter?
Building on the findings from the last section, we ask how much the gender gap would be reduced if all schools would encourage women to study science and engineering at the same rate as schools in the bottom tercile of the gender gap. For this purpose, we again group high schools into terciles according to the size of their gender gap in STEM orientation. We then calculate the gender gap in STEM BA degrees assuming the same eighth grade orientation and post-high school transition rates across all three samples. In other words, we assume that differences in the gender gap across the three samples only emerge because of differences in the transition rates within high school, and not from group differences in eighth grade orientation and transition rates after high school. As shown in Table 5 , boys are 1.7 times as likely as girls to graduate from college with a STEM BA degree in the entire sample. However, this substantial male advantage is reduced to 1.3 (male/female odds ratio)
in the sub-sample of students who attend high schools with a small gender gap. Accordingly, the gender gap would be reduced by about 25% if the environment in all schools would encourage girls to study science and engineering at the same rates as the top third of schools. The reduction would presumably be even larger if all schools could achieve the same results as the most gender-egalitarian schools in our sample. 
Conclusion
Despite the striking reversal of the gender gap in educational attainment and the near gender parity in math performance, women still pursue science, technology, engineering, and math degrees at much lower rates than their male peers do. In this paper, we have explored two important and related dimensions of this persisting gender gap in STEM degrees: First, the timing in the emergence of the gender gap in orientation towards STEM fields, and second, variations in the gender gap across high schools. Based on an examination of biological, psychological, and sociological theories about gender, we have argued that the process of forming gender stereotypes unfolds throughout adolescence, and that the local high school environment plays an important role in shaping the gender gap. We then turned to an empirical examination of the two dimensions. First, we decomposed the gender gap in STEM bachelor degrees into various pathways to examine the emergence and solidification of gender differences in the orientation towards science and engineering in the adolescent life course. In particular, we used the National Education Longitudinal Study to follow the 1988 cohort of eighth grade students through adolescence and young adulthood, and we observed how orientations towards STEM fields emerge and change during these years. Our findings show that the substantial gender gap in eighth grade orientation is relatively inconsequential for the persisting gender gap in STEM degrees at the completion of college. Instead, the high school years play a major role in shaping gendered orientations towards science and engineering. Second, we used multilevel models to examine how the gender gap in STEM orientation at the end of high school varies across schools, net of pre-treatment controls. The results show substantial variation in the gender gap in STEM orientation across schools, and support our argument that the local environment plays a major role in shaping and gendering orientations towards education and career among boys and girls. Our additional analyses show that this high school effect seems to be related to the math and science orientation of the school.
Existing theories of the persisting gender gap in STEM degrees focus on gender differences in mathematical ability as well as women's lack of interest in STEM degrees, and point at biological, psychological, and sociological theories to explain these differences. While the analyses conducted in However, in light of recent research asserting only a temporary effect from exposure to Head Start programs or to individual above-average teachers (Jacob et al. 2010) , it is of considerable importance that the effects of the high school environment on the formation of STEM orientations appear to be durable. Our findings, therefore, have important policy implications. The pathway analysis shows that high school is the decisive life period during which the gender gap emerges, and the examination of variations across contexts shows that the local context in high school plays an important role for the gender gap in orientations towards STEM fields. As such, our findings not only point at the life course period that should be targeted by policy interventions, but also provide evidence that high school interventions might be effective. Some existing interventions have targeted high school students and shown success in promoting a STEM orientation among girls. Eisenhart (2008) , for example, discusses a seemingly effective outreach project that educates high-achieving, minority girls in high school about science and engineering jobs. While such policy interventions have to withstand the serious scrutiny of experimental field trials, the evidence presented in this paper encourages researchers and policy makers alike to take seriously the potential impact of high school interventions on the STEM orientations of female students. Our finding that the intensity of the math and science curriculum reduces the gender gap in science orientation strongly supports this conclusion.
The present study obviously falls short in adequately addressing all the characteristics of high schools that influence the gender gap. Similar to the state of knowledge about teacher quality, our findings suggest that high schools have the potential to shape the orientation towards STEM fields and suggest that the math and science orientation of the school might play an important role, but we still know relatively little about other high school characteristics or programs that achieve this goal.
Our own theoretical argument suggests that the ways in which gender identities are constructed plays an important role. Our argument also suggests that commonly held stereotypes are strengthened by the lack of adequate information about science and engineering careers in the local environment, and conversely that the power of these stereotypes over behavior can be reduced through greater exposure to knowledge about science and engineering through the academic curriculum. A third argument was presented recently by Frank et al. (2008) , who argue that social dynamics play an important role for the propensity of girls and boys to take math courses. Future research should investigate these issues at greater depth in order to extend our knowledge about the persisting gender gap in STEM degrees.
Appendix A Samples, Variables, and Missing Data
The analyses presented in this paper are based on three samples from the National Education Longitudinal Study of 1988 (NELS). NELS is a nationally representative sample of about 25,000 eighth grade students who were first surveyed in the spring of 1988. Subsamples of these students were resurveyed in 1990, 1992, 1994, and 2000 so that the students were followed over time as they graduated from high school and entered the labor force or pursued post-secondary degrees. The panel structure of the data combined with the fact that it includes detailed information on educational careers allows us to examine the different questions addressed in this paper. We have briefly described each of the three samples in the main text and provide further details in this appendix. 9 This sample restriction excludes high school drop-outs. Although NELS followed students who dropped out of high school, information on intentions to go to college are meaningless so that it makes sense to exclude this group from our analysis.
10 For the estimation of the curriculum effect we also exclude students who did not change school between eighth and tenth grade and those who changed school between tenth and twelfth grade. Accordingly, the analysis of the curriculum effect is based on students who changed from a middle to a high school and proceeded to 12th grade without dropping out of school or changing the school. This restriction excludes 450 cases. Self reported English, math, science, and social studies grades from 6th to 8th grade (separate, cts variables) 8th Grade Science Orientation see above Math/Science Interest "I usually look forward to mathematics class" "I usually look forward to science class" (four point Likert scale, 8th grade) Math/Science Usefulness "Math will be useful in my future" "Science will be useful in my future" (four point Likert scale, 8th grade) Math/Science Extra Curricular Three dichotomous indicators (8th grade) for participation in math club, science club, and science fair.
Additional Control Variables (NELS 88-1992 and NELS HSES)
Region-Urban Categorical variable with twelve groups defined by all the possible combination of four large US regions (Northeast, North Central, South, West) and the urbanicity of the area (urban, suburban, and rural).
Note: All continuos variables have been standardized for the analysis.
Appendix B Pathways for Academically Talented Students and Different STEM Subfields
In this appendix, we present the findings from the pathway analysis for academically talented students, and for different STEM subfields. Academically talented students are defined in terms of their math performance in eighth grade. Restricting the sample to the top 33% students in terms of math performance leads to similar results but the patterns reported above are even more pronounced (see Table A2 ). The transition rates during high school play an ever bigger role (64.1% compared to 55.3%) and the different rates of late entry after high school a slightly smaller role (44.9% compared to 50.7%).
The trends presented in Figure 1 suggest that analyzing gender differences in STEM degrees should take into account the substantial differences between sub-fields. Accordingly, we analyze engineering, math and physics as well as bio/life-science respectively and look at how the pathways for these subfields differ from STEM fields in general. Table A2 presents the results of these decompositions. For both engineering as well as math and physics, the results resemble the findings from STEM fields in general. In all three cases, the transition rates in high school play the most important role in explaining gender differences in an engineering BA, while the lower rate of late entry for females after high school plays the second most important role. For biology and life science, the gender gap in bachelor degrees is small and not statistically significant, and therefore a decomposition analysis is not informative.
Appendix C Estimating the Effect of High School Curriculum on the Gender Gap in STEM Orientation
The literature on the estimation of causal effect using conditioning on observable covariates as an identification strategy has recently focused on matching procedures. Theoretically, estimates based on matched samples provide a number of advantages over regression estimates based on the raw data.
Most notably, matching estimates are (quasi) non-parametric, and reduce the need to extrapolate by discarding (or down-weighting) observations without common support in the treatment and control group. A number of recent studies that compare experimental with regression and matching estimates, however, have shown that these theoretical advantages are typically negligible in practice (Cook et al. 2009; Shadish et al. 2008; Angrist and Pischke 2008) . These studies instead point at the importance Note: For the STEM sub-fields, 'Late Entry' refers to entry into the STEM sub-field both from a prior non-STEM as well as from an orientation towards another STEM field.
of the actual set of observed covariates used in the analysis, and the measurement reliability of these constructs. They show that only a comprehensive set of pre-treatment variables that are measured reliably and that are directly related to the selection process (i.e., that go beyond a set of standard demographic measures) can effectively reduce bias from non-random selection into treatment.
In order to estimate the causal effect of the math and science curriculum, we use the fact that the original NELS sample was first interviewed in eighth grade, before these students attended high school.
This feature of the data allows us to use a comprehensive set of pre-treatment variables that are directly related to the selection of students into high schools with a strong math and science curriculum. These variables include a comprehensive set of family background variables and other standard demographic measures, plus a set of variables related to the science and engineering orientation in eighth grade such as the occupational aspiration in eighth grade, the extent to which a students looks forwards to their math and science classes, and whether the student thinks that math and science is useful for their future. In addition, we control for eighth grade GPA and test scores in math, science, and reading (for a full list of variables see Table A1 ). These measures were selected because that they directly relate to the selection of students into high schools with a strong math and science curriculum. The measure of occupational aspirations in eighth grade can also be understood as a 'proxy pretest' variable, which is particularly important for the reduction of bias (Steiner et al. 2010) . In addition, the high number of measures connected to the same underlying construct reduces the potential bias introduced by unreliable measurement of the key pre-treatment covariates. For our analysis, we refrain from using The Treatment Indicator Our focal treatment variable is the intensity of the high school course offerings in math and science. We measure this variable based on a set of questions asked in the tenth grade school questionnaire about the courses offered at a school. In particular, we create an index based on the AP or college or university level course offered for 31 different math and science areas such as biology, physics, life science, calculus, and trigonometry, and standardize this index with a mean of zero and a standard devision of one.
Balance between Levels of the Treatment Indicator To examine the balance between different levels of the treatment indicator, we compare the first and fourth quartile of the treatment indicator with respect to forty pre-treatment covariates in the raw data as well as conditional on the control variables. These covariates include the control variables used in the final analysis but also a number of interaction terms between these variables that are not included in the final analysis. Figure A1 shows balance in terms of the standardized difference in means (x-axis) and the variance ratio (y-axis)
for the raw data as well as conditional on the covariates in the final analysis. Solid circles indicate key variables such as eighth grade orientation, and math and science performance. These variables were selected based on theoretical considerations as well as the size of there effect in the selection and outcome model. The grey rectangle indicates Rubin's (2001) rule of the thumb, which suggests that the absolute standardized differences in means should not be greater than 0.25 and the variance ratio should be between 0.5 and 2. In general, however, imbalance should be reduced without limit. The results show that the covariates clearly increase the balance between the treatment and control group and that the highly relevant variables cluster right around the point of no imbalance. The only variable that falls outside the rectangle is the dummy variable for Native Americans. This group, however, is extremely small with only 30 students in the control group and 20 in the treatment group. Overall, the results indicate that our estimation strategy is effective in reducing the observable imbalance between different levels of the treatment indicator. Alternative specifications did not reduce the imbalance further.
